The Indian bus transport industry is dominated by the publicly owned State Transport Undertakings (STUs). Most of the STUs have, over the years, accumulated financial losses. However, since STUs offer their services with a social aim, financial losses faced by them may not be bad per se. For publicly owned organizations, efficiency and effectiveness are more important than mere profitability. This paper attempts to measure the efficiency and effectiveness of fifteen major STUs in India for the period 2003-04 to 2013-14 using Data Envelopment Analysis (DEA). The paper also examines STUs' scale elasticity and its relationship with firm size. It is found that the STUs operating in the state of West Bengal are not only the least efficient but also the least effective whereas Andhra Pradesh state road transport corporation, which is the largest bus transport operator in the world, is the most efficient and effective operator. In general, there is a strong positive correlation between STUs' efficiency and their effectiveness. On the other hand, there is a negative relationship between size of the STUs and returns to scale; large size firms are showing decreasing returns to scale whereas small size ones are operating on increasing returns to scale. Therefore, a size correction through mergers, demergers or altering scale of operation, as the case may be, will be economically prudent.
. On the other hand, non-parametric techniques such as index number approach and Data Envelopment Analysis (DEA) require no such assumptions regarding variable distribution. The DEA technique is based on the seminal work by Farrell [9] . DEA, in its present form, was developed almost four decades ago by Charnes et al. and since then is refined by successive researchers such as Banker et al., Lovell and Rouse and various others [10] [11] [12] .
Benchmarking tools and productivity measuring methodologies are used by various researchers in transportation sector. Kumbhakar and Bhattacharya (1996) considered an econometric approach with a translog cost function for production technology to measure total factor productivity growth and technical change for thirty one publicly owned passenger bus companies in India during 1983-87 [13] . Jørgensen et al. (1997) compared efficiency across STUs using a production frontier approach [17] . As the dynamics of the industry is rapidly changing a renewed in-depth analysis of Indian STUs is called for. Karlaftis (2003) concluded that the results of various analysis indicated that efficiency and returns to scale findings differ substantially depending on the evaluation methodology used [18] . This necessitates further analysis of Indian STUs using the most general DEA models by incorporating newly developed theoretical frameworks to applied research.
Boame (2004) has studied technical efficiencies of urban transit systems of
Canada by using DEA with bootstrapping and the average technical efficiency of transit systems was found to be 78 per cent. Transit systems mostly were found to experience increasing returns to scale [19] . panies in India using non-radial DEA [29] .
Only a few literature is available where STUs in India are evaluated using DEA and very few have used full potential of DEA. This paper attempts to estimate efficiency and effectiveness along with combined performance of a fairly representative sample of Indian STUs by using DEA on panel data. The paper further attempts to fill the existing literature gap by estimating scale elasticity measures for the STUs which are less explored in the literature. Further, paper attempts to establish a connection between STUs' size and returns to scale. This may help managers and policymakers to determine optimal size of the STUs.
The remainder of this paper is organized in the following manner: Section 2 deals with the theoretical framework used in the study. Section 3 describes the data and the sample STUs. The results are discussed in Section 4. Section 5 presents the conclusion of the study.
Theoretical Framework
DEA is a well-established analytical tool to make comparisons among Decision
Making Units (DMUs). The methodology with its extensions has rich applicability in applied research. We have adopted Variable Returns to Scale (VRS) DEA model for this study. This general model was proposed by Banker et al. [11] . The model is though well-known, yet sparingly used by transportation researchers in
Indian context. Most authors have preferred original model as proposed by
Charnes et al. [10] . Original model worked under the assumption of Constant
Returns to Scale (CRS). One of the objectives of our study is to estimate the Returns to Scale (RTS) experienced by the STUs. VRS model can be extended to estimate the RTS.
A Data Envelopment Analysis can be conducted either from the output orientation or from the input orientation. We have used output orientations in our analysis. We assume that we have { } 
The efficiency for the DMUs can be obtained from the following linear program which is based on Banker et al. [11] . For the dataset considered in our analysis, we have n = 15 DMUs, m = {1, 2, 3} inputs and s = {1, 2} outputs. We have considered two outputs: passenger-km and bus-km and three inputs: number of staff employed, total fuel consumed and number of buses held. Output oriented DEAs are applied once for combined output, i.e., both passenger-km and bus-km as outputs and once each for one output scenario, i.e., once each for passenger-km and bus-km. We have considered T = 11 time periods. All the linear programming problems are solved for each of the T = 11 time periods. We have coded the linear programming problems in one of the standard statistical software, R. In sync with Karlaftis (2004), we have also obtained efficiency-effectiveness matrix [20] . The output measure passenger-km captures effectiveness and the output measure bus-km corresponds to efficiency.
In the next stage we compute returns to scale measure for each firm and for each time period. To formalize the discussion on scale elasticity estimation, assume a firm employing a vector of inputs X to produce a vector of outputs Y. Let, all inputs are subjected to proportional expansion of α and the corresponding maximum proportional expansion in all outputs be β , such that, STUs varies drastically, from 414 buses for BSRTC to 22,145 buses for APSRTC.
The Data and the Sample STUs
Number of workers employed by STUs also varies from less than 1000 for BSRTC and OSRTC to more than 100,000 for APSRTC and MSRTC. In almost all respect, BSRTC is the smallest STU whereas APSRTC is the largest one. In fact, APSRTC is the world's largest bus transport operator.
The sample is fairly good representative of the publicly owned bus transport industry; sample STUs constitute two third of the publicly owned bus transport industry in India. In 2013-14, they operated with 93,582 buses which is more than two third of the industry fleet size. During the same year, sample STUs consumed 2877 million litres of HSD which is more than 70% of the industry consumption. The total staff employed by sample STUs was 464,661 in 2013-14, which is again nearly a two third of the total staff employed by all the STUs. Our sample thus covers almost two third of the entire state owned public transport sector. Furthermore, our sample is fairly good representative of the entire state owned public transport sector in the sense that the firm size varies from small STUs such as BSRTC and OSRTC to large STUs such as APSRTC and MSRTC.
The sample also includes medium size STUs such as GSRTC, UPSRTC and RSRTC.
We have considered a two output and three input model. Passenger-km and bus-km are our two of the outputs and labour/staff employed, fuel consumed and number of vehicles used are our input measures. All the data points are measured on a per year basis. Outputs are measured in million passenger-km Charnes et al. (1996) have suggested that the number of DMUs in a DEA should be at least thrice the number of variables considered. In the DEA literature, number of inputs, number of outputs and the total number of DMUs considered are represented by m, s and n, respectively. In our case, m = 3, s = 2, and n = 15. So, the criteria ( )
The Results
Performance of the STUs can be viewed either based on passenger-km or bus-km (Matthew G Karlaftis, 2004) along with an overall performance [20] .
Whereas, higher bus-km for a given input set may be called more efficient, a still better view is the passenger-km based. It is the passenger-km which is of prime importance in public transport and hence a higher value for a given input set corresponds to higher effectiveness. To evaluate these, we have employed DEA with one output-either passenger-km or bus-km-along with an overall performance based on combined output model. Relative performances along with the temporal changes in the cross sectional performances have been examined.
Analysis has been performed based on the annual data for the entire time period considered. The efficiency and the effectiveness scores are reported for selected years in Table 2 . Mean efficiency and mean effectiveness scores are calculated based on arithmetic average of the annual scores and STUs are ranked based on the same. only five STUs. In general, STUs' effectiveness score is lower than their efficiency score. Table 2 shows that the average effectiveness score exceeds the average efficiency score only for two out of fifteen sample STUs, KnSRTC and KSRTC. Three STUs have almost identical scores for both efficiency and effectiveness whereas remaining ten STUs have lower effectiveness score.
STUs are also evaluated based on overall relative performance scores, obtained in dual output scenario, across the temporal and cross sectional dimensions. The overall performance scores of the sample STUs are calculated for all the years from 2003-04 to 2013-14 and reported for selected years in Table 3 along with mean performance scores, calculated as the arithmetic average of the annual performance scores and STUs are ranked accordingly. The results are summarized in correlation matrix presented in Table 4 .
One of the most important research focus of this paper, not so well explored in the transportation sector research in India, is the establishment of a connect between quantitative measure of scale elasticity and firm size. The results of scale elasticity or returns to scale estimation are discussed next followed by a discussion on firm size and scale elasticity relationship. A value of one denotes constant returns to scale, a value greater than one indicates increasing returns to scale and a value less than one indicates decreasing returns to scale. we found a negative relationship between size of the STUs, measured in terms of passenger-km served, and the scale elasticity. The correlation coefficient between these two comes out to be −0.583. The relationship is moderate and is statistically significant with a t-statistic of 2.585.
We have also segregated the STUs, using k-means clustering in three sizes:
Large, Medium and Small. A summary statistics for the scale elasticity estimates, with STUs being grouped based on their size, is given in Table 6 . It shows that the medium size STUs, such as RSRTC, are operating at close to optimal scale.
Large size firms, such as APSRTC and MSRTC, are showing decreasing returns whereas small size firms, such as BSRTC, NBSTC, SBSTC, and KDTC, are
showing increasing returns to scale. This means that both large as well as small size STUs are operating at non-optimal scale. Since RSRTC is operating at the most productive scale size, optimal fleet size for STUs would be the fleet size of the RSRTC, that is around 4500 to 5000 buses. Since fleet strength of large size STUs, such as APSRTC (22, 145) and MSRTC (18, 055) , is far more than the optimal one, the division of these STUs would lead to higher level of productivity.
On the other hand, smaller STUs operating in the same state, such as NBSTC and SBSTC of West Bengal, may be merged for the same reason.
Conclusions
DEA, as a technique of benchmarking and relative performance evaluation of state owned utilities, like STUs, is a frequently used tool in applied economic research. In this paper, we have used an output oriented DEA methodology with VRS assumption to estimate the efficiency, effectiveness, and overall performance scores of fifteen major STUs in India. VRS is, in fact, an appropriate assumption because our analysis revealed that most of the STUs are operating at scale elasticities different from unity. We found that the three STUs, APSRTC, Theoretical Economics Letters performed worse than others.
The second part of the research concentrated on estimating the returns to scale and its relationship with firm size. The main purpose is to look for those STUs which are operating at or close to optimal size. We found that there is negative relationship between size of the STUs and returns to scale; large size firms are showing decreasing returns to scale whereas small size ones are operating on increasing returns to scale. In general, medium size firms such as RSRTC, NWKnRTC, NEKnRTC, and STHAR are operating with constant returns to scale. This means that both large as well as small size STUs are operating at non-optimal scale. We found that the optimal fleet size for STUs would be around 4500 to 5000 buses. Since fleet strength of some of the large size firms is far more than the optimal one, their demerger would be desirable and likely to lead to higher level of productivity. On the other hand, smaller STUs operating in the same state, such as NBSTC and SBSTC of West Bengal, should be merged.
This will be in the larger interest of the public, as STUs are in general, continuously making substantial losses. A size correction through mergers, demergers or altering scale of operation, as the case may be, will be economically prudent.
